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Clinical PerspectiveWhat Is New?This community‐based prospective cohort study revealed a significant association between albuminuria and risk for the development of all‐cause dementia, Alzheimer disease, and vascular dementia.The combined influence of albuminuria and low estimated glomerular filtration rate conferred increased risk for the development of vascular dementia, but not Alzheimer disease.What Are the Clinical Implications?The findings of this study indicate that subjects with albuminuria should be considered a high‐risk population for Alzheimer disease as well as vascular dementia, and those with concurrent low estimated glomerular filtration rate should be considered a more severe high‐risk population for vascular dementia.Further studies are warranted to determine whether albuminuria and low estimated glomerular filtration rate are risk factors for dementia independent of each other.

Introduction {#jah32884-sec-0008}
============

Dementia is a worldwide priority both in terms of public health and social care because of the rapidly increasing burdens it places on communities. Approximately 46.8 million people worldwide have dementia, and there are 9.9 million new cases per year.[1](#jah32884-bib-0001){ref-type="ref"} Moreover, the number of people living with dementia will nearly double every 20 years.[1](#jah32884-bib-0001){ref-type="ref"} Although the causes of dementia, especially Alzheimer disease (AD), are gradually being revealed, they are still incompletely understood. Therefore, the early identification of possible risk factors for dementia and the establishment of preventive and treatment strategies for dementia have become increasingly important.[2](#jah32884-bib-0002){ref-type="ref"}

Chronic kidney disease, which is characterized by albuminuria or proteinuria, and estimated glomerular filtration rate (eGFR) \<60 mL/min per 1.73 m^2^, is also increasingly recognized as a substantial public health problem. Since the prevalence of chronic kidney disease has been increasing in the elderly,[3](#jah32884-bib-0003){ref-type="ref"} we must determine its influence on the risk of dementia. To date, several prospective epidemiologic studies have explored the association of albuminuria and low eGFR with cognitive decline[4](#jah32884-bib-0004){ref-type="ref"}, [5](#jah32884-bib-0005){ref-type="ref"}, [6](#jah32884-bib-0006){ref-type="ref"}, [7](#jah32884-bib-0007){ref-type="ref"} and dementia.[8](#jah32884-bib-0008){ref-type="ref"}, [9](#jah32884-bib-0009){ref-type="ref"} Most of these studies assessed cognitive decline or dementia by using only a simple cognitive score (eg, the Mini Mental State Examination), but few studies examined the development of dementia and its subtypes, especially AD and vascular dementia (VaD), on the basis of detailed neurologic and morphologic examination. In addition, there have been few studies investigating the mutual association between albuminuria and low eGFR on the development of dementia.

The Hisayama Study is a population‐based cohort study conducted to explore the risk factors for cardiovascular disease and dementia in a general Japanese population.[10](#jah32884-bib-0010){ref-type="ref"}, [11](#jah32884-bib-0011){ref-type="ref"} The most important feature of the study is that the dementia subtypes were diagnosed by detailed neurologic and morphologic examination, including neuroimaging and autopsy. The purpose of the present study was to assess the influence of albuminuria and low eGFR on the development of dementia and its subtypes, which were determined on the basis of precise information, in an elderly population enrolled in the Hisayama Study.

Methods {#jah32884-sec-0009}
=======

The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.

Study Population {#jah32884-sec-0010}
----------------

A population‐based prospective study of cerebro‐ and cardiovascular diseases was begun in 1961 in the town of Hisayama, which is located in a suburb of the Fukuoka metropolitan area on Kyushu Island, Japan. The population of the town in 2016 was ≈8500. Full community surveys of the residents have been repeated since 1961.[10](#jah32884-bib-0010){ref-type="ref"} Comprehensive surveys of cognitive impairment in the elderly of this town have been conducted since 1985.[11](#jah32884-bib-0011){ref-type="ref"} In 2002 and 2003, 1760 residents aged 60 and older (participation rate 83.4%) underwent a screening examination for the present study.[12](#jah32884-bib-0012){ref-type="ref"} After excluding 122 subjects who already had dementia at baseline, 31 for whom no urine sample was obtained, 1 for whom no blood sample was obtained, and 44 for whom no educational information was obtained, the remaining 1562 subjects (672 men, 890 women) were enrolled in this study.

Follow‐Up Survey {#jah32884-sec-0011}
----------------

The subjects were followed prospectively for 10 years, from when they underwent a screening examination to November 2012 (median 10.2 years; interquartile range 7.7--10.3 years), during which time health examinations were performed every year. Details of the methods for screening potential dementia events have been reported elsewhere.[13](#jah32884-bib-0013){ref-type="ref"}, [14](#jah32884-bib-0014){ref-type="ref"} The postal service or telephone was used to collect the health information of subjects who did not have examinations or who had moved out of town. To gather information about new events, including stroke, cognitive impairment, and dementia, we established a daily monitoring system among the study team and local physicians or members of the town\'s Health and Welfare Office. We also acquired new events of stroke and dementia missed by the monitoring system at regular annual health examinations. Follow‐up screening surveys of cognitive function, including neuropsychological tests, the Hasegawa Dementia Scale‐Revised,[15](#jah32884-bib-0015){ref-type="ref"} or the Mini Mental State Examination,[16](#jah32884-bib-0016){ref-type="ref"} were conducted in 2005 and 2012 to detect dementia cases precisely. When a subject was suspected to have new neurologic symptoms, including cognitive impairment, the study team, which consisted of stroke physicians and psychiatrists, carefully evaluated the subject by conducting comprehensive investigations including interviews of the family or attending physician, physical and neurologic examinations, and a review of the clinical records. When a subject died, we reviewed all available clinical information, interviewed the attending physician and the family of the deceased subject, and tried to obtain permission for an autopsy from the family. During follow‐up, 326 subjects died; of those, 215 subjects underwent a brain examination at autopsy. No subjects were lost to follow‐up.

Diagnosis of Dementia {#jah32884-sec-0012}
---------------------

The guidelines of the *Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition*, were used to define the diagnosis of dementia.[17](#jah32884-bib-0017){ref-type="ref"} Subjects diagnosed with AD met the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer\'s Disease and Related Disorders Association,[18](#jah32884-bib-0018){ref-type="ref"} and subjects diagnosed with VaD met the criteria of the National Institute of Neurological Disorders and Stroke‐Association Internationale pour la Recherche et l\'Enseignement en Neurosciences.[19](#jah32884-bib-0019){ref-type="ref"} Clinical information, including neuroimaging, was used to diagnose possible and probable dementia subtypes. Definite dementia subtypes were also determined on the basis of clinical and neuropathologic information in subjects with dementia who underwent autopsy. The diagnostic procedure for autopsy cases has been previously reported.[20](#jah32884-bib-0020){ref-type="ref"} For each autopsy case, we evaluated 15 areas of the brain: namely, the middle frontal gyrus, precentral gyrus, temporal lobe, parietal lobe, occipital lobe, basal ganglia, thalamus, hippocampus, amygdala, orbital gyri, temporal pole, cerebellar hemisphere, midbrain, pons, and medulla oblongata. Each of the specimens was cut into 8‐ to 15‐mm sections except for the brainstem, which was cut into 5‐mm sections, and the microinfarcts and bleeding were carefully evaluated in each section. A neuropathologic diagnosis of AD was made following the National Institute on Aging―Reagan Institute criteria[21](#jah32884-bib-0021){ref-type="ref"}; the frequencies of neuritic plaques and neurofibrillary tangles were evaluated using the Consortium to Establish a Registry for Alzheimer\'s Disease criteria[22](#jah32884-bib-0022){ref-type="ref"} and Braak stage.[23](#jah32884-bib-0023){ref-type="ref"} Definite VaD cases were confirmed with causative stroke or cerebrovascular change and no neuropathologic evidence of other forms of dementia. Expert stroke physicians and psychiatrists adjudicated every case of dementia.

During the 10 years of follow‐up, 358 subjects (132 men, 226 women) developed dementia. 319 subjects (89.1%) were evaluated using brain imaging (129 \[36.0%\] brain magnetic resonance image alone, 68 \[19.0%\] brain computed tomography alone, and 122 \[34.1%\] both brain magnetic resonance image and computed tomography), 87 (24.3%) underwent autopsy, and both were performed in 77 (21.5%). Therefore, 329 subjects (91.9%) had some kind of morphologic examination. Of subjects with dementia, 21 AD cases and 22 VaD cases had other coexisting subtypes of dementia, 16 of which were a mixed type of AD and VaD. These cases were counted as events in the analyses for each subtype. Finally, 238 subjects experienced AD, 93 subjects experienced VaD, and 43 subjects experienced other subtypes of dementia. Other subtypes of dementia included 43 cases of the following subtypes: 8 cases of dementia with Lewy bodies, 10 cases of senile dementia of the neurofibrillary tangle type, 4 cases of trauma‐induced dementia, 2 cases of alcohol‐induced dementia, 2 cases of progressive supranuclear palsy, 1 case of frontotemporal lobar degeneration, 1 case of acute subdural hematoma, 1 case of metastatic brain tumor, 1 case of hypoxic ischemic encephalopathy, 1 case of motor neuron disease, and 12 cases of unknown causes.

Albuminuria and Kidney Function {#jah32884-sec-0013}
-------------------------------

Fresh voided urine samples were collected at the health examination, and urine creatinine and albumin were measured using the turbidimetric immunoassay method. Urine albumin‐creatinine ratio (UACR) (mg/g) was calculated by dividing urinary albumin values by the urinary creatinine concentrations. UACR was categorized as normoalbuminuria (UACR \<30 mg/g) and albuminuria (UACR ≥30 mg/g) using the cut‐off point from the KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease.[24](#jah32884-bib-0024){ref-type="ref"} UACR in the normoalbuminuria range was further divided into the following tertile categories: low‐normal (≤6.9 mg/g), medium‐normal (7.0--12.7 mg/g), and high‐normal (12.8--29.9 mg/g). For the sensitivity analysis using age‐ and sex‐specific UACR level, the UACR level was recategorized by using sex‐specific criteria of albuminuria (men: ≥20.0 mg/g; women: ≥30.0 mg/g)[25](#jah32884-bib-0025){ref-type="ref"} and the tertile categories of normoalbuminuria level according to age (10‐year interval) and sex.

Serum creatinine (SCr) concentrations were measured using the enzymatic method. eGFR was calculated using the following Chronic Kidney Disease Epidemiology Collaboration equation with the Japanese coefficient[26](#jah32884-bib-0026){ref-type="ref"} of 0.813, where SCr is serum creatinine, κ is 0.7 for women, and 0.9 for men, α is −0.329 for women and −0.411 for men, min (SCr/κ, 1) indicates the minimum of SCr/κ or 1, and max (SCr/κ, 1) indicates the maximum of SCr/κ or 1:$$\begin{array}{cl}
{\text{eGFR}\mspace{6mu}(\text{mL}/\text{min\ pre}1.73\text{m}^{2}) = \!\!} & {0.813 \times 141} \\
 & {\times \text{min}{(\text{SCr}/\kappa,1)}^{\alpha}} \\
 & {\times \text{max}\mspace{6mu}{(\text{SCr}/\kappa,1)}^{- 1.209}} \\
 & {\times 0.993^{Age}\left( {} \right.\text{if\ women,}\mspace{6mu}} \\
 & {\times 1.018)} \\
\end{array}$$

Low eGFR was defined as eGFR \<60 mL/min per 1.73 m^2^ according to the same KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease.[24](#jah32884-bib-0024){ref-type="ref"}

Risk Factors {#jah32884-sec-0014}
------------

At the baseline, a self‐administered questionnaire covering information on educational status, smoking habits, alcohol intake, regular exercise, and antihypertensive and antidiabetic treatments was completed for each subject and checked by trained interviewers. History of stroke was defined as a preexisting sudden onset of nonconvulsive and focal neurologic deficit persisting for \>24 hours on the basis of all available clinical data. Educational level was categorized as 0 to 6, 7 to 9, 10 to 12, and ≥13 years of formal education. Smoking habits and alcohol intake were categorized as being either current habitual or not. Subjects engaging in sports or other forms of exercise ≥3 times per week during their leisure time were defined as having regular exercise. Blood samples were collected after an overnight fast. Diabetes mellitus was defined as a fasting plasma glucose level of ≥7.0 mmol/L, 2‐hour 75 g oral glucose postloaded or casual glucose levels of ≥11.1 mmol/L, and/or current use of oral glucose‐lowering agents or insulin. Total cholesterol was measured enzymatically.

Blood pressure was measured 3 times with patients in the sitting position using an automated sphygmomanometer after at least 5 minutes of rest. The mean of the 3 measurements was used for the present analysis. Hypertension was defined as blood pressure ≥140/90 mm Hg and/or current use of antihypertensive agents. Body height and weight were measured in light clothing without shoes, and body mass index (kg/m^2^) was calculated.

Statistical Analysis {#jah32884-sec-0015}
--------------------

The linear trends in the means and frequencies of risk factors across UACR and eGFR levels were tested using a linear regression analysis and a logistic regression analysis, respectively. The linear trend tests were examined as an ordinal variable representing the 4 categories of UACR and the 2 categories of eGFR. UACR was logarithmically transformed, because its distribution was skewed. Kaplan‐Meier curves were used to estimate the cumulative incidence of all‐cause dementia and to compare data between UACR and eGFR levels. A Cox proportional hazards model was used to estimate the hazard ratio (HR) with 95% confidence interval (CI) for the development of all‐cause dementia and its subtypes (ie, AD, VaD, and their composite) according to the UACR and eGFR levels. We evaluated 3 different models: (1) model 1, adjusted for age and sex; (2) model 2, adjusted for model 1 plus educational level, history of stroke, systolic blood pressure, the use of antihypertensive agents, diabetes mellitus, total cholesterol, body mass index, smoking habits, alcohol intake, and regular exercise; and (3) model 3, adjusted for model 2 plus log UACR or eGFR. The sensitivity analyses were also performed by using the method of Fine and Gray[27](#jah32884-bib-0027){ref-type="ref"} in order to take into account the competing risk of death. We also assessed the association between UACR level and the risk of VaD with and without prior stroke. All data analyses were done with SAS version 9.4 (SAS Institute, Cary, NC) for statistical computing. A 2‐tailed value of *P*\<0.05 was considered statistically significant in all analyses.

Ethical Consideration {#jah32884-sec-0016}
---------------------

This study was conducted with the approval of the Kyushu University Institutional Board for Clinical Research. Written informed consent was obtained from all subjects.

Results {#jah32884-sec-0017}
=======

Baseline characteristics of the study subjects according to the UACR level are listed in Table [1](#jah32884-tbl-0001){ref-type="table-wrap"}. The mean values of age, systolic blood pressure, diastolic blood pressure, body mass index, and the frequencies of women, antihypertensive agents, diabetes mellitus, and history of stroke increased with higher UACR level, while subjects with higher UACR level had lower eGFR and were less likely to have higher formal education, smoking habits, and alcohol intake. Baseline characteristics according to the eGFR level are listed in Table [S1](#jah32884-sup-0001){ref-type="supplementary-material"}. Lower eGFR level was associated with higher mean values of age, systolic blood pressure, and UACR, and higher frequencies of antihypertensive agents and history of stroke, while the frequency of women decreased at lower eGFR level.

###### 

Baseline Characteristics of Subjects According to UACR Level, the Hisayama Study, 2002

  Variable                          UACR, mg/g    *P* for Trend                               
  --------------------------------- ------------- --------------- ------------- ------------- ---------------------------------------------
  Age, y                            69 (7)        70 (7)          72 (8)        73 (8)        \<0.001
  Women, %                          43.8          60.0            68.0          56.2          \<0.001
  Formal education                                                                            0.02[a](#jah32884-note-0003){ref-type="fn"}
  0--6 y, %                         8.3           6.2             8.4           9.7           
  7--9 y, %                         38.3          41.4            47.6          49.4          
  10--12 y, %                       42.0          41.9            34.5          32.7          
  ≥13 y, %                          11.4          10.5            9.5           8.2           
  Systolic blood pressure, mm Hg    129 (20)      133 (19)        138 (18)      148 (21)      \<0.001
  Diastolic blood pressure, mm Hg   76 (10)       78 (11)         79 (11)       83 (12)       \<0.001
  Antihypertensive agent, %         22.5          27.4            39.6          51.6          \<0.001
  Hypertension, %                   39.9          51.1            63.9          78.5          \<0.001
  Diabetes mellitus, %              15.0          18.8            21.7          32.2          \<0.001
  Total cholesterol, mmol/L         5.16 (0.88)   5.35 (0.86)     5.21 (0.94)   5.24 (0.89)   0.66
  Body mass index, kg/m²            22.6 (2.9)    23.1 (3.0)      23.1 (3.4)    23.4 (3.4)    \<0.001
  Obesity, %                        21.5          25.0            27.9          32.7          \<0.001
  eGFR, mL/min per 1.73 m²          74 (9)        74 (9)          72 (10)       68 (16)       \<0.001
  History of stroke, %              3.1           3.8             4.4           8.2           0.001
  Smoking habits, %                 19.2          13.7            12.3          14.0          0.04
  Alcohol intake, %                 43.5          37.6            28.6          35.1          0.002
  Regular exercise, %               11.1          15.1            15.9          10.2          0.74

Values are shown as means (SDs) or frequencies. eGFR indicates estimated glomerular filtration rate; UACR, urine albumin‐creatinine ratio.

*P* value for χ^2^ test.

Figure [1](#jah32884-fig-0001){ref-type="fig"} and Figure [S1](#jah32884-sup-0001){ref-type="supplementary-material"} show the cumulative incidence of all‐cause dementia according to UACR and eGFR levels, respectively. The cumulative incidence of all‐cause dementia significantly increased with higher UACR level (*P* for trend \<0.001) and lower eGFR level (*P*\<0.001). Similar findings were observed for the cumulative incidence of AD and/or VaD according to UACR and eGFR levels (Figures [S2](#jah32884-sup-0001){ref-type="supplementary-material"} and [S3](#jah32884-sup-0001){ref-type="supplementary-material"}).

![Cumulative incidence of all‐cause dementia according to urine albumin‐creatinine ratio level. \**P*\<0.05 vs urine albumin‐creatinine ratio ≤6.9 mg/g. UACR indicates urine albumin‐creatinine ratio.](JAH3-7-e006693-g001){#jah32884-fig-0001}

The age‐ and sex‐adjusted HR for the development of all‐cause dementia increased significantly with higher UACR level (*P* for trend \<0.001, Table [2](#jah32884-tbl-0002){ref-type="table-wrap"}). This association was not altered substantially after adjustment for potential confounding factors: namely, age, sex, educational level, history of stroke, systolic blood pressure, the use of antihypertensive agents, diabetes mellitus, total cholesterol, body mass index, smoking habits, alcohol intake, and regular exercise (*P* for trend=0.001). In addition, further adjustment for eGFR also did not change the association (*P* for trend=0.002). Compared with subjects with UACR of ≤6.9 mg/g, the multivariable‐adjusted HR for the development of all‐cause dementia was 1.12 (95% CI, 0.78--1.60), 1.65 (1.18--2.30), and 1.56 (1.11--2.19) in those with UACR of 7.0 to 12.7 mg/g, 12.8 to 29.9 mg/g, and ≥30.0 mg/g, respectively. Similar linear association was observed for the development of AD (HR 1.20 \[95% CI, 0.77--1.86\] for UACR 7.0--12.7 mg/g, 1.75 \[1.16--2.64\] for UACR 12.8--29.9 mg/g, and 1.58 \[1.03--2.41\] for UACR ≥30 mg/g) and VaD (1.03 \[0.46--2.29\], 1.94 \[0.96--3.95\], and 2.19 \[1.09--4.38\], respectively). The multivariable risk for the development of AD and/or VaD also increased significantly with higher UACR level. The sensitivity analysis after excluding AD cases who were diagnosed using computed tomography or only clinical information (n=46) also showed a significant association between UACR level and the multivariable HR for AD (Table [S2](#jah32884-sup-0001){ref-type="supplementary-material"}).

###### 

Multivariable‐Adjusted Hazard Ratios for the Development of All‐Cause Dementia and Its Subtypes According to UACR Level

  UACR, mg/g                                   Person‐Years at Risk, n   No. of Events, n   Model 1 HR (95% CI)                                         *P* for Trend                                               Model 2 HR (95% CI)                                         *P* for Trend   Model 3            *P* for Trend
  -------------------------------------------- ------------------------- ------------------ ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- --------------- ------------------ ---------------
  All‐cause dementia                                                                                                                                                                                                                                                                                               
  ≤6.9                                         3498                      55                 1.00 (Reference)                                            \<0.001                                                     1.00 (Reference)                                            0.001           1.00 (Reference)   0.002
  7.0--12.7                                    3429                      65                 1.10 (0.76--1.57)                                           1.11 (0.77--1.60)                                           1.12 (0.78--1.60)                                                                              
  12.8--29.9                                   3279                      109                1.66 (1.19--2.31)[†](#jah32884-note-0005){ref-type="fn"}    1.64 (1.17--2.30)[†](#jah32884-note-0005){ref-type="fn"}    1.65 (1.18--2.30)[†](#jah32884-note-0005){ref-type="fn"}                                       
  ≥30.0                                        3293                      129                1.66 (1.20--2.29)[†](#jah32884-note-0005){ref-type="fn"}    1.61 (1.15--2.26)[†](#jah32884-note-0005){ref-type="fn"}    1.56 (1.11--2.19)[\*](#jah32884-note-0005){ref-type="fn"}                                      
  Alzheimer disease                                                                                                                                                                                                                                                                                                
  ≤6.9                                         3498                      35                 1.00 (Reference)                                            0.02                                                        1.00 (Reference)                                            0.01            1.00 (Reference)   0.01
  7.0--12.7                                    3429                      47                 1.19 (0.77--1.85)                                           1.19 (0.77--1.86)                                           1.20 (0.77--1.86)                                                                              
  12.8--29.9                                   3279                      76                 1.68 (1.12--2.52)[\*](#jah32884-note-0005){ref-type="fn"}   1.75 (1.15--2.64)[†](#jah32884-note-0005){ref-type="fn"}    1.75 (1.16--2.64)[†](#jah32884-note-0005){ref-type="fn"}                                       
  ≥30.0                                        3293                      80                 1.51 (1.01--2.27)[\*](#jah32884-note-0005){ref-type="fn"}   1.60 (1.05--2.45)[\*](#jah32884-note-0005){ref-type="fn"}   1.58 (1.03--2.41)[\*](#jah32884-note-0005){ref-type="fn"}                                      
  Vascular dementia                                                                                                                                                                                                                                                                                                
  ≤6.9                                         3498                      12                 1.00 (Reference)                                            \<0.001                                                     1.00 (Reference)                                            0.004           1.00 (Reference)   0.008
  7.0--12.7                                    3429                      12                 0.99 (0.44--2.20)                                           1.02 (0.46--2.27)                                           1.03 (0.46--2.29)                                                                              
  12.8--29.9                                   3279                      26                 2.08 (1.04--4.17)[\*](#jah32884-note-0005){ref-type="fn"}   1.94 (0.95--3.93)                                           1.94 (0.96--3.95)                                                                              
  ≥30.0                                        3293                      43                 2.88 (1.50--5.54)[†](#jah32884-note-0005){ref-type="fn"}    2.32 (1.16--4.62)[\*](#jah32884-note-0005){ref-type="fn"}   2.19 (1.09--4.38)[\*](#jah32884-note-0005){ref-type="fn"}                                      
  Alzheimer disease and/or vascular dementia                                                                                                                                                                                                                                                                       
  ≤6.9                                         3498                      46                 1.00 (Reference)                                            \<0.001                                                     1.00 (Reference)                                            \<0.001         1.00 (Reference)   0.002
  7.0--12.7                                    3429                      58                 1.16 (0.79--1.71)                                           1.18 (0.80--1.74)                                           1.18 (0.80--1.74)                                                                              
  12.8--29.9                                   3279                      97                 1.75 (1.22--2.50)[†](#jah32884-note-0005){ref-type="fn"}    1.75 (1.22--2.52)[†](#jah32884-note-0005){ref-type="fn"}    1.75 (1.22--2.52)[†](#jah32884-note-0005){ref-type="fn"}                                       
  ≥30.0                                        3293                      114                1.74 (1.22--2.46)[†](#jah32884-note-0005){ref-type="fn"}    1.72 (1.19--2.48)[†](#jah32884-note-0005){ref-type="fn"}    1.66 (1.15--2.39)[†](#jah32884-note-0005){ref-type="fn"}                                       

Model 1: adjusted for age and sex. Model 2: adjusted for Model 1 plus educational level, history of stroke, systolic blood pressure, the use of antihypertensive agents, diabetes mellitus, total cholesterol, body mass index, smoking habits, alcohol intake, and regular exercise. Model 3: adjusted for Model 2 plus eGFR. CI indicates confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; UACR, urine albumin‐creatinine ratio.

\**P*\<0.05, ^†^ *P*\<0.01 vs reference.

Lower eGFR level was marginally associated with the development of all‐cause dementia after adjustment for age and sex (HR 1.25 \[95% CI, 0.96--1.63\]) and potential confounding factors (1.12 \[0.85--1.48\]) (Table [S3](#jah32884-sup-0001){ref-type="supplementary-material"}). With regard to subtypes of dementia, lower eGFR level was a significant risk factor for the development of VaD after adjustment for potential confounding factors (1.67 \[1.02--2.74\]), but this association did not reach the level of statistical significance after additional adjustment for log UACR (HR 1.48 \[95% CI, 0.90--2.44\]). There was no evidence of a significant association between eGFR level and the development of not only AD but also AD and/or VaD.

Sensitivity analyses using Fine and Gray models, which took into account the competing risk of death, did not significantly change the association of albuminuria and low eGFR with dementia (Tables [S4](#jah32884-sup-0001){ref-type="supplementary-material"} and [S5](#jah32884-sup-0001){ref-type="supplementary-material"}). In addition, we addressed the association between age‐ and sex‐specific UACR level and the dementia risk (Table [S6](#jah32884-sup-0001){ref-type="supplementary-material"}), and found a significant linear association of age‐ and sex‐specific UACR level with the risk of all‐cause dementia and its subtypes. To address the influence of prior stroke events on the association between albuminuria and VaD, we also estimated the association of UACR level with the risk of VaD with and without prior stroke events, separately. As a result, higher UACR level was significantly associated with a higher risk for the development of VaD with prior stroke events, but not for VaD without it (Table [S7](#jah32884-sup-0001){ref-type="supplementary-material"}).

As shown in Figure [2](#jah32884-fig-0002){ref-type="fig"}, we assessed the combined influence of albuminuria and kidney function on the development of dementia subtypes. With regard to AD, UACR of ≥12.8 mg/g was associated with a significantly higher multivariable‐adjusted risk of AD than UACR of \<12.8 mg/g among subjects with eGFR of ≥60 mL/min per 1.73 m^2^, but not among subjects with eGFR of \<60 mL/min per 1.73 m^2^. Nonetheless, there was no evidence of an interaction between the UACR level and eGFR level on AD (*P* for interaction \>0.12). With regard to VaD, higher UACR level and lower eGFR level were mutually associated with greater risk of VaD after adjustment for confounding factors. There was no evidence of an interaction between UACR level and eGFR level on VaD (*P* for interaction \>0.68).

![Combined influence of albuminuria and kidney function on the development of dementia subtypes. \**P*\<0.05 vs reference. Adjusted for age, sex, educational level, history of stroke, systolic blood pressure, the use of antihypertensive agents, diabetes mellitus, total cholesterol, BMI, smoking habits, alcohol intake, and regular exercise. BMI indicates body mass index; UACR, urine albumin‐creatinine ratio.](JAH3-7-e006693-g002){#jah32884-fig-0002}

Discussion {#jah32884-sec-0018}
==========

The present results clearly showed that albuminuria was significantly associated with higher risk for the development of all‐cause dementia, AD, and VaD independent of other potential risk factors for dementia. On the other hand, subjects with a lower eGFR level tended to have a higher risk of incident VaD. In addition, albuminuria and low eGFR mutually increased the risk of VaD, but not AD. To the best of our knowledge, this is the first study to prospectively demonstrate a clear association between albuminuria and the future risk of AD.

Several prospective epidemiologic studies have investigated the association between albuminuria and cognitive decline[5](#jah32884-bib-0005){ref-type="ref"}, [6](#jah32884-bib-0006){ref-type="ref"}, [7](#jah32884-bib-0007){ref-type="ref"} or the development of dementia.[9](#jah32884-bib-0009){ref-type="ref"} The Reasons for Geographic and Racial Disparities in Stroke Study reported that higher UACR level was associated with the development of cognitive impairment (defined as a 6‐Item Screener score ≤4) in 19 399 US individuals.[7](#jah32884-bib-0007){ref-type="ref"} The Rancho Bernardo Study found that only men with UACR of ≥30.0 mg/g had a significantly higher risk of cognitive decline determined by Mini Mental State Examination and category fluency scores during a 6.6‐year study period among 759 community‐based US individuals.[5](#jah32884-bib-0005){ref-type="ref"} The Three‐City Study demonstrated that proteinuria (defined as UACR \>30.0 mg/g or proteinuria \>300 mg/g) was associated with an increased risk of VaD, but not AD.[9](#jah32884-bib-0009){ref-type="ref"} However, Wang et al reported that albuminuria (defined as UACR ≥17 mg/g for men and ≥26 mg/g for women) was not associated with cognitive decline (defined as a Mini Mental State Examination score decrease of ≥2) during a 4‐year follow‐up.[6](#jah32884-bib-0006){ref-type="ref"} The possible reasons for the discrepancy include differences in the sample size and follow‐up period, since most of these studies had smaller sample size and shorter follow‐up period than the present study. Further studies with a large sample size and long follow‐up will be needed to explore the association between albuminuria and dementia.

Albuminuria is well recognized as a good biomarker for endothelial dysfunction and atherosclerotic vascular disease, including stroke.[28](#jah32884-bib-0028){ref-type="ref"}, [29](#jah32884-bib-0029){ref-type="ref"} As we therefore expected, the present study showed that higher UACR level was significantly associated with a higher risk for the development of VaD, especially VaD with prior stroke events. In addition, the present study revealed a significant association between the UACR level and the risk of AD. The exact mechanisms underlying this association remain unclear, but we speculate that increased permeability of various plasma proteins and impaired amyloid β clearance at the blood--brain barrier via endothelial dysfunction may be involved in the association.[30](#jah32884-bib-0030){ref-type="ref"}, [31](#jah32884-bib-0031){ref-type="ref"} Further prospective studies will be needed to clarify this issue.

The present study demonstrated that subjects with lower eGFR level were likely to have a higher risk for the development of only VaD, but this association was not statistically significant. Several longitudinal studies in community‐based settings demonstrated conflicting results in terms of the association of low eGFR with cognitive decline[4](#jah32884-bib-0004){ref-type="ref"}, [5](#jah32884-bib-0005){ref-type="ref"} or dementia.[8](#jah32884-bib-0008){ref-type="ref"}, [9](#jah32884-bib-0009){ref-type="ref"} The Northern Manhattan Study showed that subjects with eGFR \<60 mL/min per 1.73 m^2^ had greater cognitive decline than those with eGFR ≥90 mL/min per 1.73 m^2^.[4](#jah32884-bib-0004){ref-type="ref"} The Cardiovascular Health Cognition Study demonstrated that moderate renal insufficiency (defined as Cr ≥1.5 mg/dL for men and ≥1.3 mg/dL for women) was associated with an increased risk of VaD, but not AD.[8](#jah32884-bib-0008){ref-type="ref"} In addition, the Three‐City Study showed that subjects with eGFR 45 to 59 mL/min per 1.73 m^2^ had significantly higher risk for the development of VaD, but not AD, than those with eGFR ≥60 mL/min per 1.73 m^2^.[9](#jah32884-bib-0009){ref-type="ref"} However, the Rancho Bernardo Study reported that there was no clear association between moderately to severely decreased kidney function (defined as eGFR \<60 mL/min per 1.73 m^2^) and any domains of cognitive decline.[5](#jah32884-bib-0005){ref-type="ref"} Differences in the covariates included in the model may explain the conflicting findings of these previous studies. That is, the Northern Manhattan Study, the Cardiovascular Health Cognition Study, and the Three‐City Study did not adjust for albuminuria and showed a significant association of lower kidney function with cognitive decline and the development of VaD. Similarly, in the present study, lower eGFR level was a significant risk factor for the development of VaD unless we adjusted for albuminuria. Therefore, it would be necessary to consider the influence of albuminuria when assessing the association between low eGFR and dementia.

The present study found that albuminuria and low eGFR were mutually associated with a greater risk of incident VaD. Several epidemiologic studies have demonstrated that both albuminuria and low eGFR had influence on the risk of clinical and subclinical cerebrovascular disease.[32](#jah32884-bib-0032){ref-type="ref"}, [33](#jah32884-bib-0033){ref-type="ref"}, [34](#jah32884-bib-0034){ref-type="ref"} Increased permeability of the blood--brain barrier, which is induced by endothelial dysfunction, causes white‐matter hyperintensities.[35](#jah32884-bib-0035){ref-type="ref"} Low eGFR is associated with the prevalence of silent brain infarcts and microbleeding.[36](#jah32884-bib-0036){ref-type="ref"} These cerebrovascular diseases lead to ischemic death of nerve cells, and are likely to lead to VaD. Further studies are warranted to confirm whether albuminuria and low eGFR are risk factors for dementia independent of each other or not.

Some limitations of the present study should be noted. First, UACR and eGFR were based on only 1 measurement at baseline. During follow‐up, UACR and eGFR in subjects with chronic kidney disease may have been changed by modifications in lifestyle or medication. This limitation would have introduced misclassification of UACR and eGFR levels, which would be expected to bias results toward the null, reducing the observed association found in the current study. Second, we could not completely rule out the potential effects of selection bias in our exclusion of 352 residents who did not participate in the baseline examination, since in general these residents were likely to be less healthy than those who attended the health examination. However, we believe that such a selection bias may have had little influence on our findings, because the participation rate at the baseline examination was very high (83.4%). Third, we could not completely exclude the potential influence of residual confounders on the association of albuminuria and low eGFR with dementia risk. Finally, among the 1562 subjects in this study, only 215 (13.8%) subjects were available for a detailed brain examination at autopsy. Moreover, 46 of the 238 AD cases (19.3%) were diagnosed using computed tomography or only clinical information. Thus, we cannot deny the possibility that VaD cases were mixed in with the AD cases, because lesions of small vessel disease (eg, microinfarcts, leukoaraiosis, and microbleedings) might be missed, even using brain magnetic resonance image examination. These limitations could have caused some misclassification of the dementia subtypes.

Conclusion {#jah32884-sec-0019}
==========

Albuminuria was a significant risk factor for the development of all‐cause dementia, AD, and VaD in a general population of community‐dwelling Japanese elderly. In addition, subjects with both albuminuria and low eGFR had increased risk for VaD but not AD. These results suggest that subjects with albuminuria should be considered a high‐risk population for AD as well as VaD, and those with concurrent low eGFR should be considered a more severe high‐risk population for VaD. These populations should be recommended for careful observation for the potential development of dementia in clinical practice.
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